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RIOJUN KINOSITA
Even in the earliest days of cancer research it was claimed that
Scarlet Red and o-aminoazotoluene could accelerate epithelial pro-
liferation, and that these chemicals, when orally administered, could
cause an adenomatous proliferation in the liver. But no definite
evidence was found to prove their carcinogenic effect, notwithstand-
ing numerous experimental attempts, until, a few years ago, Sasaki
and Yoshida showed the possibility of producing cancer with
o-aminoazotoluene in the rat, which happens to be the species most
susceptible to this chemical.
For several years I also have been working along these lines,
with conclusive results. Upon the basis of chemical structure and
the biological properties, many azo and related compounds were
chosen for the experiments. Most of them were synthetically pre-
pared and purified in my Laboratory, otherwise the pure samples of
Merck & Co. were used. Each compound was tested mainly by oral
administration to the rat over a period of more than 300 days.
I found that dimethylaminoazobenzene, commercially known as
"Butter Yellow" and widely used for coloring food-stuffs, etc.,
was the most strongly carcinogenic, and that o-aminoazotoluene,
although having similar effects, was so much less potent that it took
more than twice as long to obtain results of the same grade.
CHEMICAL STRUCTURE AND CARCINOGENIC EFFECT
(1) Scarlet Red and related compounds.
(a) Scarlet Red in olive-oil, when injected into the Fallopian
tube of the chicken, produces no atypical growth at the site of appli-
cation, but only an ordinary granulomatous proliferation enclosing
the crystals of Scarlet Red. However, by oral administration to the
rat, it causes in the liver an adenomatous proliferation which never
advances further.
(b) Among those compounds with naphthol radicals it appears
that Sudan III, Sudan II, toluenoazonaphthol, Sudan I, and Pig.
Bordeaux are even less effective than is Scarlet Red.
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However, all of these substances and some other azo-compounds
as well can accelerate, more or less, a proliferation of tissues. This
potency can easily be tested in vitro, under simplified, uniform ar-
cumstances. Scarlet Red, noted for this property, is especially
strong, but is far inferior to toluenoazonaphthol. In experiments
with wounds, toluenoazonaphthol is also the most effective for
epithelization as well as granulation. It appears, therefore, that, in
comparison with Scarlet Red, toluenoazonaphthol (one toluene rad-
ical removed) is more growth-promoting, and o-aminoazotoluene
(naphthol radical removed) shows an enhanced cancerogenic
tendency.
(c) Of the compounds with the naphthylamine radical, toluen-
oazonaphthylamine, and alpha- and beta-naphthylamine, given
orally to the rat, are not carcinogenic to the liver; alpha-naph-
thylamine can only cause epithelial proliferation and keratinization
in the renal pelvis. However, when alpha-naphthylamine is injected
subcutaneously in the guinea-pig, it can produce papilloma in the
bladder, although so far no advanced tumor has been obtained.
Boyland studied three isomeric compounds of dibenzcarbazole
and found that 3: 4: 5: 6-dibenzcarbazole produced an adenomatous
proliferation in the liver.
(2) o-Aminoazotoluene and related compounds.
(a) Sasaki and Yoshida reported that o-aminoazotoluene, given
by mouth to rats, will always produce hepatic cancer within 255 to
300 days. According to my studies, although I followed their
method exactly, the latent period is much longer and some rats
show no cancerous change even after 400 days.
The subcutaneous injection of o-aminoazotoluene can produce
hepatic cancer in the rat, but to a less degree.
In some advanced cases metastasis to the mesenteric lymphatic
glands and to the lungs occurs. The cancers produced and the
metastatic growths are transplantable.
Besides the changes in theliver, o-aminoazotoluene, given orally
to the rat, can cause papilloma in the bladder and epithelial meta-
plasia of the bronchi as well as of the thyroid follicles.
Nishiyama daimed to haveproduced hepatic cancer in the mouse
also by oral administration, although Nakayama saw merely annular
cirrhosis. When Yoshida injected o-aminoazotoluene subcutane-
ously in guinea-pigs, epithelial metaplasia of the thyroid follicles
was observed. In the rabbit he saw the samechange and, moreover,
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annular cirrhosis of the liver. Heep, on the contrary, reported to
have seen hypertrophy ofthe liver.
(b) With respect to the compounds related to o-aminoazo-
toluene, we may first consider the changes in the amine portion of
their structure. The mono- and di-acetylated compounds can pro-
duce similar hepatic changes, but the more they are acetylated the
weakeris the carcinogenic effect. All of these compounds, however,
can cause papilloma in the bladder.
4': 6'-Diamino-2: 3'-dimethylazobenzene also causes an ade-
nomatous proliferation in the liver.
On the other hand, Sasaki and Yoshida reported that o-amino-
azotoluene does not affect the liver. Otsuka and Nagao showed
that 2: 3'-dimethylazobenzene could cause papilloma in the bladder,
although it, too, was without effect on the liver.
Recently Nagao, using 4'-oxalylamino-2: 3'-dimethylazoben-
zene, and Nagao and Nashimoto, working with 4'-succinylamino-
2: 3'-dimethylazobenzene, caused changes in the liver similar to
those induced by o-aminoazotoluene, but of much less intensity.
According to Nagao, 4'-oxy-2: 3'-dimethylazobenzene was with-
out action on the liver, but it did cause papilloma in the bladder.
Nagao and Nashimoto also showed that 4'-acetoxy-2: 3'-dimethyl-
azobenzene and 4'-carbomethoxy-2: 3'-dimethylazobenzene could
give a result similar to that produced by the oxy-compound, but
much weaker.
(c) We may consider, secondly, changes of methyl groups in
the structure. Yoshida showed that 4'-amino-2: 2'-dimethylazo-
benzene was non-effective, as were 4'-amino-2: 4: 2': 6'-tetramethyl-
azobenzene, 4-aminoazobenzene, 4: 6-diamino-3-methylazobenzene,
and 4: 6-diaminoazobenzene. Otsuka, however, claimed that
4-aminoazobenzene caused gastric papilloma in the mouse.
(d) Thirdly, there are the changes in the azo group in the
structure. Otsuka reported that 4'-amino-2: 3'-dimethylazooxy-
benzene, given orally to rats, could cause an epithelial proliferation
of the bile ducts.
o-Tolidine is not carcinogenic, but causes hypertrophy and pig-
mentation of the renal epithelium, as do certain other azo-
compounds.
m-Toluylenediamine, by oral administration to the rat, may cause
a slight adenomatous proliferation in the liver.
Warenbourg and Driessens have claimed that Acridine Yellow
is destructive to erythrocytes and causes reticular proliferation. I
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failed to confirm this result, although similar changes can be pro-
duced by some azo-compounds.
(3) Compounds related to Butter Yellow.
The experiments with Butter Yellow will be described in detail
further on.
(a) As to the compounds related to Butter Yellow, let us con-
sider first changes in the dimethylamine group in the structure.
Diethylaminoazobenzene is less poisonous and is non-carcinogenic;
4-aminoazobenzene has already been mentioned. 4: 6-Diaminoazo-
benzene is also non-effective, but Yoshida claimed to have caused
epithelial metaplasia of the thyroid follicles by azobenzene.
4-Oxyazobenzene given by mouth to the rat leads to practically
no suspicious changes in the liver, but frequently it does cause mul-
tiple papilloma in the stomach and epithelial keratinization in the
bladder, as well as in the renal pelvis.
(b) Changes of the azo group in the structure are also of
importance. Aniline and dimethyl-p-phenylenediamine, two ingre-
dients ofButter Yellow, are not carcinogenic whatsoever.
Dimethylaminohydroazobenzene, which is a very unstable com-
pound, is now underexamination; so far it is not pronmising at all.
4: 4'-Tetramethyldiaminoazooxybenzene can cause a prolifera-
tion of hepatic cells.
4: 4'-Tetramethyldiaminobenzophenone produces hepatic ade-
noma and gastric papilloma, and 4:4'-tetramethyldiaminodiphenyl-
methane has a similar effect, but to a less degree. Although
4:4'-tetramethyldiaminotriphenylmethane is non-effective, 4:4':4"-
hexamethyltriaminotriphenylmethane causes gastric papilloma and a
slight adenomatous proliferation in the liver. Auramine can pro-
duce a similar hepatic proliferation.
According to Schiller, Light Green caused sarcoma in the rat, but
this has not been confirmed by the experiments of others.
(c) Other changes in these compounds may be mentioned. A
salt of Butter Yellow, combined with hydrochloric acid, and desoxy-
cholate of Butter Yellow are as potent as is Butter Yellow itself.
Methyl Red causes adenomatous proliferation in the liver, while
Methyl Orange does not.
Nishiyama, Nagao, and Ueda showed that 4'-dimethylaminoazo-
benzene-4-arsenic acid was non-effective, although the mixture of
Butter Yellow and p-aminophenyl-sodium-arsenate can affect the
liver in the same way as does Butter Yellow itself.
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These results indicate that no particular radical in the chemical
structure, either of o-aminoazotoluene or Butter Yellow, represents
the agent of a specific carcinogenic effect; each compound is effective
in its entirety. But carcinogenic potency is monopolized neither by
o-aminoazotoluene nor by Butter Yellow, and even when a certain
change is made in the structure the tendency still remains, although
the effect is considerablyweaker.
Comparing Butter Yellow and o-aminoazotoluene, the first is
definitely more effective, although the compounds are isomeric. It
is evident, therefore, that in the case of these two compounds, the
N-methylated is more effective than is the phenyl-methylated in
revealing carcinogenic effect.
As to the other changes, many tolueno-compounds are apt to
cause papilloma in the bladder, while many phenyl-compounds
induce papilloma ir,the stomach.
EXPERIMENTAL STUDIES WITH BUTTER YELLOW
(1) Dosage and the latent period.
Albino rats of a mixed strain are used in the experiments. Butter
Yellow is dissolved in olive-oil to a concentration of 3 per cent, and
20 cc. ofthis solution is well mixed with 1 kg. of unwashed, crushed,
unpolished rice. About S gm. of this mixture, which contains there-
fore about 3 mg. of Butter Yellow, are given daily to each rat, in
addition to water, green vegetables, and dried sardines. The total
dose actually administered can be calculated by measuring each day
the amount of unconsumed food.
Butter Yellow is fairly poisonous and with this daily dose the
mortality is rather high, especially during the first 30 days of 'feed-
ing. Those rats which survive for more than 150 days of the
experiment develop, without exception, enormous hepatic'tumors,
usually with distant metastases. Even after 50 days some rats show
nodular tumors in the liver. To produce hepatic cancer, therefore,
but a remarkably small dose of Butter Yellow is required. If the
daily administration of Butter Yellow is less, the incubation period
is longer, for instance, as long as 379 days when a 0.3 per cent solu-
tion of Butter Yellow is used.
Even though the'animals are fed a diet containing 3 per cent of
Butter Yellow for the first 50 days of the experiment only and are
then put back on their regular diet, all will develop hepatic cancer
after 150 days-from' the beginning of the experiment. Soon' after
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the administration of Butter Yellow is stopped, it can no longer be
detected in the body. It is assumed, therefore, that the origin of
cancer, or a certain change leading eventually to cancerous anaplasia,
must have been established at a very early stage.
(2) Butter Yellow cancer.
(a) 'Histology. Microscopic observation shows that hepatic
tumors produced by Butter Yellow are real carcinomas, identical
in many features with human hepatic carcinomas. Examination of
more than 1000 cases has shown that Butter Yellow tumors can be
histologically classified as follows:
(i) Parenchymatous type. The structure of the tumor is parenchy-
matous and rather substantial. The tumor cells, slightly admixed
with reticular elements, develop diffusely in the hepatic tissue and
sometimes form a lobular structure. Occasionally, instead of a
diffuse development, the tumor cells group in strands or islets
of irregular shape and size, each group being surrounded by imper-
fect sinusoids. In such cases, the tumorcells usuallygather together
tightly into masses, but often so loosely that narrow gaps are left
between the cells, showing a mosaic pattern. The arrangement of
cells is irregular, but occasionally there is more or less alignment or
they may form a small figure, suggesting a rosette.
(ii) Glandular type. The structure of the tumor is adenoma-
tous ortubular, as usually seen in an ordinary secretory gland. The
epithelial cells surround large or small lumina, in which homo-
geneous secretion masses are often enclosed. This feature is quite
unlike the normal hepatic parenchyma. Very often the tumor cells
are cylindrical, very much resembling the epithelial cells of the bile
ducts. By a rapid multiplication, they become many-layered and
develop into a papillary structure. In such a case, interstitial devel-
opment is also strong. The tumor shows, therefore, the features of
papillary carcinoma, identical with the so-called cholangioma as seen
in human cases.
(iii) Mixed type. Most Butter Yellow tumors consist of an admix-
ture of these two types, in different proportions according to the case
and even the part of sample taken.
In general, Butter Yellow rather tends to produce the glandular
type, while o-aminoazotoluene leads to the parenchymatous type.
But even in the case of Butter Yellow, the simultaneous application
of rice-bran-oil is apt to weaken this tendency and render more fre-
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quent the production of the parenchymatous type. It appears that
the ultimate difference in the structure depends upon the differentia-
tion of the cells affected. If, in the Butter Yellow experiment,
hepatoma and so-called cholangioma actually originated from the
hepatic cells and the epithelial cells of bile ducts respectively, a
co-existence, of these thus mixed would be a queer phenomenon
requiring an extraordinary explanation.
(iv) Intermediate type. In rare instances, some of the tumor
cells in the parenchymatous type differentiate as they do in the
glandular type (especially of the papillary form), becoming cylin-
drical and proliferating somewhat in a papillary arrangement.
However, interstitial development is still extremely restricted, so
that the parenchymatous character is well maintained. These atyp-
ical cells are irregularly many-layered and occasionally they contain
secretion granules or even have cilia on the free ends.
(v) Atypical type. Many divergent atypical types are also
found. Sometimes, among the tumor cells in strands, giant syncy-
tial polynudear cells are found. Such an appearance is associated
with an atypical chorionepithelioma. Some tumor cells become flat
and are grouped concentrically and are gradually keratinized toward
the center, similar to the ordinary squamous-cell epithelioma. In
other cases, the tumor cells are large and cuboidal, with distinct cell-
membranes and with a reticulated but transparent cytoplasm. The
appearance resembles hypernephroma. Again, the tumor cells may
incline to mucoid degeneration, and the tumor structure may become
myxoma-like.
As previously stated, the reticular elements of the liver tissue
also respond more or less to Butter Yellow. In some cases, the
cancer produced shows a partly reticulosarcomatous or angioendo-
theliomatous appearance.
(b) Growth, metastasis, transplantability, and growth in witro.
As is the case in human hepatic cancer, Butter Yellow carcinoma
shows not only a strong histological deviation but also many other
malignant characteristics. Its growth is very rapid and destructive;
indeed, it is extremely rare that rats survive for more than 200 days
in experiments with 3 per cent Butter Yellow.
The tumorcells even invade the portal and hepatic veins, event-
ually giving rise to embolic metastases. Naturally, intrahepatic me-
tastasis is theusual sequence.
The development of the cancer is multicentric. But sometimes
it is less centric, especially when the feeding with less concentrated
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Butter Yellow is over a long period, or when an ordinary food is
given after 3 per cent Butter Yellow has been administered for 50
days.
Extrahepatic metastasis is also very common, for instance, as in
human cases, to the diaphragm, peritoneum, and mesentery by con-
tinuity, to the portal, mesenterial, peritoneal, and mediastinal lym-
phatic glands by lymphatic channels, and to the lungs, pleurae,
kidneys, adrenals, and spleen by way of the blood stream.
The tissue of Butter Yellow cancer is readily transplantable
through successive generations, either into the subcutaneous tissue or
in the abdominal cavity. This is especially true of tumors of the
atypical type; for instance, the reticulosarcomatous tumor with a
particularly widespread metastasis shows an extremely high degree
oftransplantability.
The tumor tissue can be cultured in vitro with ease by placing a
piece of embryonal heart tissue in the same medium. Going through
several passages, a pure culture of malignant cells is obtained, which,
grafted back to the rat, develops into a tumor of the same type as
the original.
(3) The course ofcancerdevelopment.
(a) Histology. To ascertain the course of cancer develop-
ment, the morphological changes in the liver were studied in series
at all stages of the Butter Yellow experiment.
After about a week of Butter Yellow feeding, peculiar prolifera-
tion of small bluish cells progresses in the outer zones of acini.
These cells then gradually increase in number and group themselves
in masses or they may be somewhat arranged in strands or twisted
tubules. The histological features, however, show fairly wide vari-
ations, according to the speed of epithelial proliferation and the
grade of the reticular or fibrous complexity. From the early stages
the stellated cells display hypertrophy as well as hyperplasia and
have pigment granules in the protoplasm.
In about 3 weeks the structure becomes more complicated; the
proliferating cells assume an irregular alveolar orglandular arrange-
ment, and each group of cells is more or less surrounded by the
reticular element. Also, in the inner zones of acini a nodular pro-
liferation of the similar structures is observed. In the sequence of
these developments, the different types of hepatomas are produced.
The epithelial cells of the adenomatous structures in the outer
zones of acini often become cylindrical and are arranged irregularly
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in many layers or in papillary shapes. This type of development,
which originally has nothing to do with the bile ducts, eventually
leads to the production of a tumor which is histologically related to
human cholangioma. Moreover, the cholangiomatous structure can
be produced also by an atypical differentiation during the develop-
ment of the hepatoma.
Sometimes the fibrous tissue develops considerably in the outer
zones of acini and thickly envelops each adenomatous cell-group.
In such a structure, the epithelial cells are apt to develop into cylin-
drical cells and very often undergo mucoid degeneration. In some
cases the lumina of the adenomatous structure become very large or
grow into cysts surrounded by thin epithelial cells. All these
changes suggest no further vigorous development to a malignant
tissue.
(b) Tissue respiration. Measurement of tissue respiration of
the hepatic tissues, determined periodically in the different stages of
the experiment, shows practically no change in the oxygen respira-
tion throughout development. While anaerobic glycolysis becomes
gradually higher, aerobic glycolysis suddenly increases with cancer
development. Ultimately the advanced cancer tissue displays a
respiration similar to that of the other experimentally-produced
spontaneous malignant tumors, such as 3: 4-benzpyrene rat sarcoma,
Maruya's rat sarcoma, Flexner's rat carcinoma, Jensen's rat car-
cinoma, Rous' fowl sarcoma, tar carcinoma, etc. However, the other
tissues, for example, renal tissue, show no changes whatever after
any period of Butter Yellow feeding or even after the development
of hepatic cancer.
After all, the characteristic change in respiration is exclusively
limited to the cancer tissue. Therefore, it is evident that Butter
Yellow administration does not provide such circumstances as will
force normal tissues gradually to change their respiration in the
so-called malignant direction.
(c) Biochemistry. Liver tissue was also examined biochemi-
cally throughout the experiment. In the early stages the content of
free cholesterol increases and in the proliferative stage the content
of cholesterol ester augments. In the hepatic cancer tissue both
increase, especially the ester. The changes in the serum are similar,
but after the cancer development the increase of free cholesterol is
more evident.
Histidase gradually decreases and the amount in the cancer tissue
is extremely small.
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Arginase is unchanged until it suddenly decreases after cancer
development and then, although activated by manganese sulphate,
the content is far below the original value. When normal liver
tissue is treated with lactic acid or simply by heat, the contained
arginase acts like the arginase of the cancer tissue. The action of
cancer arginase, therefore, appears to be related to the change in
the state of protein.
Ascorbic acid increases in the beginning, but later in the hepatic
cancer tissue it decreases.
Lactoflavin decreases, and the cancer tissue contains only one-
seventh of the normal content.
Aneurin (vitamin B1) in the cancer tissue shows a decrease
according to the bradycardia method, but no change according to the
thiochrome method. It appears, therefore, that in the cancer tissue
it is present in large part in such a free state as to render it incapable
of acting as cocarboxylase. In the non-cancerous part of the same
liver aneurin is definitely increased.
Glutathione increases gradually in the liver tissue but decreases
in the cancer tissue. In its estimation it must be remembered that
cysteine is considerably increased in the cancer tissues.
The optimal hydrogen-ion concentration for phosphatase shows
a wide difference between the normal and cancerous tissues of the
liver. However, by the process of autolysis, the phosphatase level
in the normal tissue becomes nearer to that of the cancer tissue.
(4) Complicated other changes.
Very early in the period of Butter Yellow feeding a destruction
of erythrocytes and an increased secretion of bile, especially of bile
pigment and cholic acid, become apparent. Consequently, anemia
becomes increasingly marked and biliary secretion diminishes. In
the serum but little bile pigment can at first be detected, but at the
time of cancer development the amount suddenly increases. Thus
jaundice may develop.
In the rabbit, which never develops hepatic cancer, bile pigment
is rarely found in the serum and cholic acid is never present.
The liver shows very often a slight cirrhotic change, but an
intense cirrhosis is rare, except in those cases where rice-germ-oil or
the saponifiable part of rice-bran-oil is given in addition to Butter
Yellow.
Although the cancer development is multiple and extensive in
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the liver, ascites is not observed, unless the condition is complicated
by peritonitis.
From the beginning the spleen enlarges, and because of the
reticular hyperplasia, myeloic metaplasia, and congestion it may
attain a considerable size.
In the kidneys the epithelial cells of the proximal convoluted
medullary segments become very large and numerous, and hematic
pigment granules are seen in glomeruli and the proximal convoluted
segments.
In some cases gastric papillomas are produced. When cholic
acid is supplied in addition to Butter Yellow the incidence becomes
much higher.
(5) Factors affecting carcinogenesis.
In a study of possible factors affecting carcinogenesis it is impor-
tant, in the first place, to know the incidence of the cancer under
circumstances where other complicating factors are excluded. When
the production of cancer is as definite as is the case when Butter
Yellow is used, the influence of other factors in restraining carcino-
genesis can be evaluated.
It appears that cancer production by Butter Yellow is facilitated
by endothelial blockade and splenectomy. A continuous destruction
of hepatic tissue by the simultaneous administration of arsenic or
phosphorus definitely accelerates Butter Yellow carcinogenesis.
However, a preliminary administration of the poisons or a single
partial resection of the liver is without influence on the production of
cancer by subsequent feeding of Butter Yellow. The addition of
lanolin orcholesterol to the food raises the rate of cancer production,
although the administration of cholic acid has no such effect.
The production of hepatic cancer by Butter Yellow is facilitated
by feeding with polished rice as a main food instead of unpolished
rice, but is made slightly more difficult by feeding with bread. This
suggests that the content of vitamin B may be significant. But the
polished riceused, even though the full-sized grains have been sifted
out for human food, is employed in an unwashed state and still has a
fair amount ofrice-germ and bran, so that vitamin B is not excluded.
On the other hand, when the Butter Yellow experiment is repeated
employing an experimental synthetic ration deficient in vitamin B,
the result shows that vitamin B deficiency causes no change in
carcinogenesis.
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However, when I cc. of rice-bran-oil is given daily to the rat the
production of Butter Yellow cancer is definitely hindered. In this
experiment, the destruction of vitamin E does not alter the result.
Later work reported by Nakahara shows that dried bullock liver has
a similar effect. The effective component of rice-bran-oil is not
soluble in water and is contained in the unsaponifiable portion; it
can be extracted easily by ether and partially by acetone.
On the contrary, when small dried sardines are fed in large
amounts to the rat the production of Butter Yellow cancer is
accelerated.
Age, sex, or castration exerts no influence, but the species of
animal is of significance. In the mouse Butter Yellow can produce
hepatic cancer but to a lesser degree; the rabbit and the guinea-pig
are resistant. Although Butter Yellow does not cause cancer of the
liver in the rabbit, it does lead to an extraordinary hypertrophy with
a slight fibrous development, partly an epithelial proliferation of
the bile-ducts, limited to the small lobe touching the gall-bladder.
The squirrel and the chicken remain free of cancerous changes even
after two years of feeding.
In the rat, Butter Yellow, whether given orally in crystalline
form or as an aqueous solution of dimethylaminoazobenzenehydro-
chloride, leads to results similar to those obtained with Butter
Yellow in solution in olive-oil.
The subcutaneous injection of Butter Yellow in olive-oil also
produces cancer of the liver. In a single case, sarcoma was found
at the site of application. The intravenous injection causes an
atypical proliferation of the bronchial and alveolar epithelium in
the lung.
The direct application of Butter Yellow as a pellet or as a solu-
tion in olive-oil to the visceral organs of the rat, for instance, to the
kidney, lung, periosteum, bone-marrow, brain, muscle, mammary
gland, or testicle, leads to no positive effect, but when applied to
theliver anepithelial proliferation becomes evidentaround thepellet.
Painting the skin, either of the rabbit ear or the back of the
mouse, with the Butter Yellowsolution causes no suspicious changes.
Butter Yellow in olive-oil, injected into the Fallopian tube of
the chicken, may produce an adenoma in this region.
When Butter Yellow is incorporated in the medium of in vitro
tissue cultures, proliferation of the tissue growth is accelerated and
some cells appear to be atypical, but when these are grafted to the
rat no tumor develops. The respiration of the normal hepatic
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tissue, even of the rat, does not assume the cancerous character by
the addition of Butter Yellow to the media.
(6) The fate of Butter Yellow in the animal body.
When Butter Yellow is administered with food to the rat, its
distribution in the body is almost limited to the liver. Although
the administration is continued, the deposit of Butter Yellow in the
liver does not increase beyond a certain limit. If the administration
is interrupted, the content of Butter Yellow in the liver rapidly
decreases and soon becomes too small to measure. On the other
hand, somewhat less than 2 per cent of the administered Butter
Yellow is eliminated as such in the feces and urine. Therefore, the
greater part of the administered Butter Yellow must be disposed of
in some mannerby thebody.
Only slices of liver tissue can decompose Butter Yellow in vitro;
when minced liver tissue is used or cyanic acid is added to the
medium there is no decomposition.
It seems, therefore, that decomposition is closely related to the
respiration of hepatic tissue. In fact, Butter Yellow partly decom-
poses in the body into aniline and dimethylamino-p-phenylenedi-
amine, compounds which are not carcinogenic and which are excreted
by way of the urine. The other part of Butter Yellow is excreted
in the bile. If cholagogues, such as Decolin, are given, its excretion
is augmented. The rabbit, which has a gall-bladder and secretes
proportionally larger quantities of bile, can eliminate Butter Yellow
more quickly. There is a much smaller increase of ethereal sulphate
in the urine of the rat than in the urine of the rabbit after the
administration of Butter Yellow. These facts may explain to some
extent why the rabbit is resistant to Butter Yellow.
Butter Yellow in the intestines, either administered with food or
excreted with the bile, is decomposed largely by the bacterial flora.
The powerful effect exerted by bacteria is easily shown by in vitro
experiments.
After all, it is assumed that Butter Yellow carried to the liver
byway ofthe circulationdoes not exert itscarcinogenic effect through
its chemical properties as a compound or by its decomposition frac-
tions, but rather through some process of chemical reactions. Butter
Yellow can act as an agent of dehydration, for instance, tetraline can
be easily dehydrated to naphthalene. However, the other azo-
compounds, such as non-carcinogenic aminoazobenzene and azoben-
zene also have the same effect. To discover the cancer-producing
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mechanism, some other chemical reactions of Butter Yellow, espe-
cially related to the liver, must be considered.
CONCLUSIONS
Of more than 50 azo and related compounds, Butter Yellow is
by far the most potent in producing hepatic cancer in the rat, requir-
ing for this only a small dose and a short period. Next in order of
potency, although it takes twice as long to get the same grade of
hepatic change, is o-aminoazotoluene, which is isomeric with Butter
Yellow and is the phenyl- instead of the N-methylated compound.
A few ofthe others have a similar effect, but to lesser degree. Some
other compounds may lead to preliminary changes, such as epithelial
proliferation in the liver. The carcinogenic property is not exclu-
sively related to a certain part of the chemical structure. The
carcinogenic substances, for instance, Butter Yellow and o-aminoazo-
toluene, develop carcinogenic potency because of their structure as a
whole.
The hepatic cancer produced by Butter Yellow shows a very
high malignancy in its histological structure, growth, metastasis,
transplantability, etc. It is, in all respects, practically identical to
human hepatic cancer. The examination of many cases, with espe-
cial attention to the course of development, affords a basis for a pro-
posed histological classification. In addition to the ordinary types
of hepatic cancer, many divergent forms are described. However,
all types of hepatic cancers, even the so-called cholangioma, are
originated from the hepatic cells.
The direct application of Butter Yellow to the liver in vivo or
in vitro leads to no carcinogenic effect, either histologically or bio-
chemically, at the site. Administered orally or subcutaneously so
that it may eventually be carried to the liver by the circulation, it
is decomposed by the hepatic tissue or eliminated unchanged in the
bile. Someofthechemical reactionstakingplaceduringthis process
in the liver appear to be related to the carcinogenic process. From
the results obtained in the biochemical analysis of liver tissue in the
course of cancer production some change in the protein is suggested.
Among many factors affecting carcinogenesis, dietary factors are
worthy of consideration; for example, rice-bran-oil can definitely
hinder the production of Butter Yellow cancer.
Although all ofthese studies are, as yet, elementary, I hope that
they will give rise to renewed investigation of occupational aniline
cancers and of hepatic cancers among oriental races.
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